where F,(A) is the composite factor for the wavelength ),, AMg IIc(t) is the amplitude of modulation in Mg II index number for a given solar cycle, and fi(t) gives the degree of modulation from the norm which is based on the yearly averaged monthly sunspot number. That is, The ionization rate profiles produced by the GCRs at various latitudes were calculated by Nicolet [1975] at both solar maximum and solar minimum. Nicolet's results are based on the ionization rate measurements published by Neher [1967 Neher [ , 1971 . The rates of ionization by the GCRs for a given year are calculated using the yearly averaged monthly sunspot number of that year, which is calculated using data from the Solar Geophysical Data publication [NGDC, 1993] . By linear interpolation of Nicolet's ionization rates as a function of sunspot number, ionization rates produced by the GCRs are calculated for a given year. The yearly averaged monthly sunspot number of the year 1957 corresponds to Nicolet's minimum production, while the yearly averaged monthly sunspot number of 1964 corresponds to Nicolet's maximum production. So these sunspot numbers are used for the sunspot maximum and minimum, respectively, to calibrate the production rates from Nicolet. A modified version of the energy deposition method of Armstrong et al. [1989] , which uses IMP 8 (Interplanetary Monitoring Platform) particle fluxes (protons and alpha particles), is used to calculate the rates of ionization produced by the SPEs, assuming approximately 35 eV of energy is required to produce an ionization [Porter et al., 1976] . The modifications include integration over pitch angle and ion pair production rate calculated versus log pressure instead of altitude. The details of this calculation are provided in the appendix. Figure I shows the evaluated energy spectrum of the proton differential fluxes using the IMP 8 daily averaged count rates of days 290 and 293 of 1989. Day 290 is during the quiet period before the large October 1989 SPE, and day 293 is during the event. Notice that the increase in the differential flux is more than 2 orders of magnitude across the entire energy range and is up to 3 orders of magnitude at higher energies. 
Results
The production rate profiles are spatially averaged by integrating over latitude (meridionally averaged) in the north polar (latitudes greater than 500 north), middle and low latitude (latitudes between 500 north and 500 south), and global regions. Figure 3 shows the globally averaged profiles of the SPE, GCR, and nitrous oxide oxidation sources of odd nitrogen averaged over the years 1985 and 1989. This odd nitrogen production from N20 oxidation varies from 3.1 to 3.5 x 10 s4 molecules per year over the 20 years (see Table 1 ). The rates of production by SPEs are about 2 orders of magnitude higher for 1989, near solar maximum, than for 1985, near solar minimum (varying from 8.9 x 10 s• to 8.4 x l0 ss molecules per year; see Table 1 ). The GCR source of odd nitrogen is most significant in the lower stratosphere and upper troposphere and varies from 3.0 to 3.7 x l0 ss molecules per year; see Table 1 . The odd nitrogen source associated with the oxidation of nitrous oxide dominates globally in the stratosphere.
By integrating the meridionally averaged profiles of the odd nitrogen production rates over the pressure coordinate, we were able to calculate the total number of NO r molecules produced per year by the sources in the various regions of the atmosphere. Shown in Figure 4 are the total number of NO r molecules produced globally per year, calculated by integrating for the middle atmosphere above the tropopause. Figure 5 shows the total production rates in the middle and low latitude region (between 50øS and 50øN) integrated for the middle atmosphere. In the tropics and middle latitudes, the oxidation of nitrous oxide source of odd nitrogen dominates by at least an order of magnitude over the other sources considered in this study. Tables 1 and 2 give the annual source strengths for the 20-year time period in the middle atmosphere globally and in the polar region ()50ø), respectively. The values given in Table 1 can be compared to the values of Table 2 here are larger than those of 290. These discrepancies are primarily driven by the difference in proton spectra applied in this study compared with 290; that is, the proton fluxes of 290 were only applied from 5 MeV up to 100 MeV, whereas the fluxes used in this study were applicable from 0.38 MeV to 289 MeV. A second difference is that a single power law was applied over the entire energy range in 290, whereas in this study, a power law was calculated for each of the nine proton energy ranges and five alpha particle energy ranges (see the appendix). It is not clear which way this second difference in the computations will drive the odd nitrogen production values. The production rates of odd nitrogen given in Table 1 for GCRs can be compared with those of Table i Table 3 . The background count rates, which are found by averaging the five lowest nonzero daily averaged count rates of each energy channel in Table 3 The energy conservation is also checked in the energy computation. The calculation of the total energy entering the top of the atmosphere, when integrating over the energy spectrum, has been found to be equal to the total energy deposited in the atmosphere.
